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Introduction
This contribution is revised from R1-1717743.
RAN1#90b and the following email discussion reached the following agreements. [1]
	Agreement (in R1-1719059):
· For non-grouping based beam reporting, support the following reports parameters:
· Maximal number of configured Tx beams for beam measurement: K equals 64
· Maximal number of configured Tx beams to be reported in one instance: N_max = 2, 4  where a subset of N (N<=N_max where N = 1, 2, 4) beams can be selected by the gNB and indicated to the UE (FFS signaling mechanism)
· Reporting differential L1-RSRP when multiple beams are reported in one reporting instance. Reference is the largest L1-RSRP in that reporting instance. FFS other reference for differential reporting. 
· FFS applicable reporting channels and number of beams, and associated reporting contents 
· FFS: the UE adjusts the L1-RSRP of multiple RS resources according to the power offset between them
· Bit-width: 7bit for L1-RSRP ranging from -140dBm to -44dBm with 1dB stepping size (analogous with LTE) and 4bit for differential L1-RSRP 
· FFS stepping size of differential quantization
Agreement (after email discussion):
· Include the RRC parameter: Num-Reported-RS-Measure. Value Range – {1,2,3,4}, Default – 1.
· The number N of measured RS resources to be reported per report setting in a non-group-based report. N <= N_max, where N_max is either 2 or 4 depending on UE capability. The value range for N is {1,2,3,4}.
· Note: this parameter may not be needed for certain RS and/or report settings
· FFS: The signaling mechanism for the gNB to select a subset of N beams for the UE to measure and report.



In this paper, we will introduce an enhanced differential RSRP calculation, to better quantize the differential RSRP value.
Discussion
Beam report model
For beam report encoded with differential RSRP, the beam RSRP are sorted in the decreasing order, shown in Table 1. 
[bookmark: _Ref484793231]Table 1 An example of beam report
	Beam ID
	RSRP

	Beam 
	

	Beam 
	

	…
	

	Beam 
	



Conventional differential RSRP
The conventional differential RSRP take the largest RSRP as the reference, and quantize the differential RSRP with respect to , shown in Table 2, where  is the quantization function. Since the those differential RSRP values before quantization follows , their distribution is not independent. Therefore, it is inefficient to do the quantization directly.
[bookmark: _Ref498346841]Table 2 Differential RSRP with the largest RSRP being the reference
	Beam ID
	RSRP/differential RSRP

	Beam 
	

	Beam 
	

	…
	

	Beam 
	



A tentative differential RSRP algorithm based on adjacent beams
Another alternative is to select the one right above the quantized RSRP to be the reference, shown in Table 3. However, when gNB received the quantized differential RSRP, the quantization error would be propagated.
[bookmark: _Ref498347484]Table 3 Differential RSRP between adjacent RSRP value
	Beam ID
	RSRP/differential RSRP

	Beam 
	

	Beam 
	

	Beam 
	

	…
	

	Beam 
	



Proposed scheme
To fix the error propagation, we introduce an encoding scheme for differential RSRP, whose procedure is described as follows, also shown in Table 4, where the function  are the quantization function, which could be a function of beam sequence, to up to 16 values.
· Step.1 Set the maximum RSRP  to  presuming that  is already quantized to -140dB and -44dB, and set .
· Step.2 Calculate the reconstructed RSRP  of beam  based on the quantization  using .
· Step.3 Quantize the differential RSRP of  relative to the reconstructed RSRP  to obtain 
· Step.4 Set  . If , go to Step.2; otherwise go to Step.5.
· Step.5 Report  as the differential RSRP.
[bookmark: _Ref498350925]Table 4 Differential RSRP to adjacent reconstructed RSRP
	Beam ID
	RSRP/differential RSRP
	Reconstructed RSRP

	Beam 
	
	

	Beam 
	
	

	Beam 
	
	

	…
	…
	…

	Beam 
	
	



Since the method exploits the differential RSRP between adjacent beams, 4 bits differential RSRP can provides a more precise quantization. On the other hand, since it based on the reconstructed RSRP, there is no error propagation.
An example to illustrate how the algorithm works
For example, we assume the following RSRP report, with the quantization function described below
	Beam ID
	RSRP

	Beam 
	

	Beam 
	

	Beam 
	

	Beam 
	




The calculation is shown in Table 5. Using 4-bit quantization, the error only occurs at a large RSRP drop that exceeds the quantization interval, without further error propagation, while a sufficient precision is guaranteed.
[bookmark: _Ref498353348]Table 5 Example of calculating differential RSRP
	Beam ID
	RSRP/differential RSRP
	Reconstructed RSRP

	Beam 
	
	

	Beam 
	
	
Desired value -78

	Beam 
	
	
Desired value -79

	Beam 
	
	
Desired value -85



Proposal 1: Support the differential RSRP calculation between adjacent beams with the re-constructed quantized RSRP. 

Conclusion
In this contribution, we have the following proposals.
Proposal 1: Support the differential RSRP calculation between adjacent beams with the re-constructed quantized RSRP. 
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